Polypterus
Discovered, described, and named in 1802 by Geoffroy St. Hilaire, Polypterus-a genus of 10 green-to-yellow-brown species, the largest of which can reach a meter in length (Figure 1 )-posed a real conundrum for Victorian naturalists. What was one to make of an animal with · a pair of lungs opening to the ventral wall of the pharynx, as seen in tetrapods and lungfishes and distinct from the single dorsal air bladder of teleost fishes · pectoral and pelvic fins with fleshy basal lobes superficially resembling lungfish fins but with a fringe of numerous fin rays (lepidotrichia) not seen in lungfishes · a subdivided, sail-like dorsal fin unlike that of any other fish · a spiracle (persistent gill cleft), as seen in sharks and other cartilaginous fishes · a thick armor of shiny scales covered, as are those of gars, with the specialized, mineralized tissue ganoine Was Polypterus then a bony fish, a cartilaginous fish, or a lungfish? Or was it perhaps even a primitive amphibian, in which case it would be a tetrapod and not a fish at all? In 1861 Thomas Henry Huxley created an order, Crossopterygii, to house those extinct and extant animals that possessed lungs and fleshy pectoral fins with lepidotrichia. Recognizing the specialized features of the two modern genera, Polypterus and Calamoichthys (Erpetichthys) calabaricus (the rope fish, which is longer and more slender than Polypterus), Huxley established a separate group (the tribe Polypterini) within the order Crossopterygii for them, noting Thus both ends of the Crossopterygian series appear, if I may use the expression, to be cut off from the modern representatives of the suborder; Polypterus being separated from those members of its suborder with which it has the closest zoological relations, by a prodigious gulf of time, and from the fossil allies which are nearest to it in time, by deficient zoological affinities. (Huxley 1861, pp. 445-446) Some regarded Polypterus as a living fossil, providing evidence for the origin of paired limbs from fish fins, and consequently as a missing link between fishes and amphibians. Francis Balfour and his students, working at Cambridge in the 1870s and early 1880s, had shown convincingly that embryology could provide important clues-and possibly even answers-to a wide range of questions about evolution (Hall 1998 (Hall , 2000 (Hall , 2001 . Could the embryos of Polypterus, lungfish, and related groups help to solve the intriguing puzzle of which group of fishes gave rise to amphibians and hence to all tetrapods? After all, the embryological development of Lepidosiren and Protopterus, the South American and South African lungfishes, closely resembles that of urodele amphibians ( Figure 2 ; see Wourms 1997 for an excellent analysis of 19th century studies of fish development). As Bashford Dean commented in his classic monograph Fishes, Living and Fossil, From their isolated position, these recent forms [Polypterus and Calamoichthys] become of extreme interest to the morphologist, and from the side of their development, when this comes to be studied, they are expected to throw the greatest light on the relations of the primitive Teleostome to the sharks and Dipnoans, on the one hand, and to the Ganoids on the other (Dean 1895, p. 149). Inevitably, the search for embryos of such species as Polypterus and the lungfishes led to far-flung regions of the globe, the homes of many of the species regarded as living fossils or missing links. Indeed, between 1877 and 1903 many embryologists set out from Europe for exotic locations in search of animal embryos. One of these was John Samuel Budgett ( Figure 3 ).
John Budgett: In pursuit of Polypterus
Nothing was known of the embryonic development of Polypterus, in large part because of the inaccessibility and inhospitability of the animal's habitat but also because recurring wars barred scientists from the interior of Egypt and the Sudan until the late 1890s. Collecting was dangerous, and it remained so for many years. This did not deter John Budgett, whose tenacity in what was to become "one of the most courageous episodes in the history of zoology" (Shipley 1907) brought success but cost him his life.
Early promise. John Samuel Budgett was born in Bristol on 6 June 1872. His father, W. H. Budgett, a keen microscopist, was a member of the Bristol Microscopical Society and served on the council of Bristol Museum. Budgett's was a childhood filled with the fascinations of the animal world. In the spacious grounds of Stoke House near Bristol, young John built aviaries, adapted outbuildings as homes for his pets, and organized a laboratory. He even had his own museum, com- plete with many animals he had meticulously dissected and stuffed birds displayed in their natural surroundings, not in a static museum setting. The museum was large enough to house his skeletal preparations, including a cow, a deer, and the family Shetland pony. Thus was laid the foundation for what was to become extraordinary skill in making anatomical preparations. It was said that his frequent visits to the Clifton Zoological Gardens to inquire about sick animals were prompted more by his desire to acquire specimens than by a concern for the animals' full recovery. He was skilled in keeping captive animals healthy, however. He was also a gifted draftsman and a fine watercolorist.
Budgett began his formal study of zoology at University College, Bristol, having been much influenced by his father's many scientific friends, especially the then-elderly but still eminent anatomist W. Kitchen Parker, who for almost a quarter century spent part of each summer at Stoke House. So inspired was Budgett by Parker's work on the development of the skull that he began working on the topic himself, using his skills in dissection and specimen preparation. He even designed a device for aligning serial sections that enabled him to construct models of the developing skull. Budgett drew consecutive sections on plates of ground glass of known thickness, arranged the plates in series, then immersed them in a bath of oil, which rendered the glass translucent and allowed the outlines of the specimen to be seen as a solid figure (Figure 4) . Budgett tackled all the major problems associated with generating three-dimensional reconstructions from histological sections, including how to line up the sections, a problem that bedevils us still.
Trinity College and John Graham Kerr. The young man, described as unassuming, modest, diffident, and charming-though subject to occasional bouts of severe depression-entered Trinity College, Cambridge, in 1894. With his prodigious knowledge of natural history and strong testimonials, Budgett was soon welcomed into the inner sanctum of Cambridge zoology. He was elected to the Cambridge University Natural Sciences Club in his first year, a rare honor indeed, for this exclusive club was limited to 12 undergraduate and a few graduate members.
In August 1896, after completing part I of the Natural Sciences Tripos, Budgett embarked for Paraguay to collect lungfish embryos with John Graham Kerr (1869 Kerr ( -1957 , who had just completed part II of the Tripos. Kerr, a superb 19th-century zoologist who worked for six decades into the 20th century, had expressed his naturalist tendencies early, interrupting his medical studies at Edinburgh University to join the 1890 Page expedition to South America. (Kerr later published A Naturalist in the Gran Chaco [1950] , a spellbinding account of this and subsequent expeditions and an adventure tale that ranks with Darwin's Journal of Researches for sheer excitement and impact.) The expedition was mounted by the Argentinean Navy to survey the Pilcomayo River from the Paraná River north some 500 miles to the Bolivian frontier. Because of the appalling conditions under which they had to be transported, many of the new species collected during the 3-year expedition were lost.
Kerr did not resume his medical studies after he returned from South America in 1892; instead, he entered Christ's College, Cambridge, to read natural history. His studies on Nautilus, carried out as an undergraduate-the first "modern" account of the anatomy of this species-are important because they demonstrated the relationship between cephalopods and the rest of the molluscs. Such studies convinced Kerr of the benefits to be gained from studying the more archaic members of a group.
In pursuit of Lepidosiren. It had been known since 1836 that the lungfish Lepidosiren lived in the Amazon, so when Kerr learned during his 1890 trip to South America that a soldier had caught an eel-like fish in the mud of the Pilcomayo River, which forms the border between Argentina and Paraguay, he wondered whether it might be a lungfish.
Together, Bohl's [the German collector who found Lepidosiren in the River Paraguay in the Gran Chaco in 1894] discovery, my memory of the soldier's tale, and the fact that I had unique experience of life in the Chaco, decided me to give priority to the Lepidosiren part of my programme and to proceed the moment I had got quit of my Tripos to organize an expedition to the Gran Chaco [a vast area of plains, rivers, and swamps in central South America, which extends to Paraguay, Bolivia, and Argentina] for the purpose of tackling the Lepidosiren problem. (Kerr 1950, p. 172) As Kerr recounts, John Budgett was an unlikely companion on such an expedition:
While engaged in planning my expedition there came to me one day a friend who said "John Budgett of Trinity is just dying to go with you." I pooh-poohed the idea at first, for Budgett had no experience of roughing it in wild country, but his friends were persistent so at last I invited him to dine with me at the Café Royal and talk matters over. That talk, helped by an admirably cooked roast wild duck washed down by Clicquot-vin rosé, resulted in the settling of all my doubts, and the recruitment of a courageous, tough, and loyal comrade. (Kerr 1950, p. 172) At the time, Lepidosiren was rare; adults sold in London for £50 each (Shipley 1907, p. 12) . From the beginning of their adventure, however, it was evident that Kerr and Budgett would have no difficulty finding specimens. Dinner on their very first evening in the interior (29 October 1896) included a plate of the fish, which had been cooked by Indians near the local mission station, and "which I ate 'con mucho gusto,' for the flesh, rich with its deep orange-red fat, was most tasty" (Kerr 1950, p. 179) . Despite this auspicious start, the expedition was no Sunday outing. Travel was daunting. The Pilcomayo-at times 300 m wide, at times a trickle-courses or stagnates through swamps, marshes, lagoons, and dense tropical jungle, and it is beset with sand banks, confusing chan nels, and barriers of overturned and floating trees. Discomfort, rain, danger, and stinging insects plagued the expedition. An extract from Budgett's diary of 28 November 1896 gives a glimpse of what should have been a simple stroll to collect birds:
After tea went out with gun across the swamp and had a fearful time, rushes had grown high, some had fallen horizontally, so that at each step one's feet were sawn across with fine teeth running along the under-surface of the midrib; socks were soon gone to shreds, and skin began to go. After half an hour's walk of this sort I reached the bird island, but was welcomed by such an attack from the garrison stationed there that I immediately turned and fled into the swamp again, fighting my way back to the Toldo [hut], until I arrived pretty well exhausted, having only shot one small bird. (Shipley 1907 Nevertheless, by the summer of 1897 Kerr and Budgett had brought back to Cambridge a large supply of adult lungfish, along with the major embryonic stages and larval phases (Figure 2 ), so superbly preserved that the finest detail could be seen in histological preparations.
It was a remarkable feat. To go straight as an arrow to the place where this almost unknown fish lives, to arrive at about the time of the breeding season, quite unknown before, and to collect and preserve all the delicate and varying stages of development within some seven months, placed the expedition at the first rank of Zoological exploration. But there is another factor which makes it even more remarkable, and that is the wonderful condition of the material when it arrived.... The difficulty in improvised rooms, worried by all sorts of insects, by torrential rains and occasionally floods, by inquisitive and highly suspicious natives...must have been enormous, but it was overcome. The success in this respect was certainly partly due to his [Budgett's] skill in manipulation and his peculiar knowledge of the use of reagents. (Shipley 1907, pp. 12-13) Budgett also made extensive observations of the frogs of the Paraguayan Chaco, including a beautifully illustrated report of Phyllomedusa hypochondrialis, an arboreal species with greatly abbreviated larval development (Budgett 1899a). He later added important studies of the African lungfish Protopterus and of basal members of the teleost fishes (Budgett 1900 (Budgett , 1901b .
Never having been a good candidate in examinations, Budgett was relieved to obtain a second-class degree in part II of the Natural Sciences Tripos in spring 1898. Buoyed by his South American adventure, he was consumed by a desire to find and describe embryos of Polypterus and resolved to travel to The Gambia to obtain embryological evidence of the systematic position of the genus.
Nathan Harrington
Unbeknownst to Budgett, however, Nathan Harrington (1870 -1899 , an experienced field biologist and a doctoral student at Columbia University who was working on the calciferous glands and circulatory system of earthworms, had already set out to find Polypterus embryos. Harrington and Reid Hunt, a tutor in physiology at Columbia, reached Cairo on 26 May 1898 in the midst of the Anglo-Egyptian campaign against the Mahdi. Although they spent 2 weeks in London en route and consulted naturalists (George Albert Boulenger and Albert Günther) and African explorers (Henry Stanley and Mary Kingsley) for advice on the most likely locations for Polypterus, there is no evidence that Budgett and Harrington interacted, nor did Budgett ever cite Harrington's findings.
Despite the cooperation of the Egyptian government, the assistance of 30 local fishermen at a time, and a search that lasted until 10 September and took them 377 miles up the Nile, the Americans failed to find adults with mature eggs. Harrington made 15 attempts at artificial fertilization without success. The two men returned to the United States in December with preserved specimens of adult Polypterus, some of which they had carefully injected to visualize the vascular system, fishes and other vertebrates, and a large collection of invertebrates.
In late December, Harrington presented a paper on the respiration and breeding habits of Polypterus to the American Morphological Society, which was meeting in the newly completed zoological laboratories of Columbia University. The carefully injected specimens allowed him to demonstrate the blood supply to the lungs and the ventral opening of the lungs to the esophagus. He concluded that Polypterus was as well qualified as any dipnoan to be considered a lungfish. The circulatory and respiratory systems, however, bore a striking resemblance to those of urodele amphibians. Harrington described an accessory copulatory organ in the males and provided information on the eggs. Because the spawning seasons of nearly all Nile fishes roughly coincided, he conjectured that the breeding season of Polypterus also followed the flooding of the Nile (Harrington 1898 , 1899a , 1899b , Osborn, 1898 . Harrington thought that Polypterus occupied an intermediate position between fishes and amphibians and so could shed light on the origins of the tetrapods:
In the possession of spiracles and in primitive skeletal characters, it strongly resembles the oldest fishes (Elasmobranchii). Several writers have recently contributed very convincing evidence that crossopterygians were lineal ancestors of the higher vertebrates, but judging from the conditions in Polypterus they were also sufficiently remote in the phylum of vertebrates to have given rise to both dipnoans and amphibians. (Harrington 1899b, p. 728) He also thought that Polypterus had not advanced very far physiologically "toward a land-living or even an air-breathing type, although morphologically, i.e., especially in its organs of respiration and circulation, it certainly presents the essential characters of the lower amphibia" (Harrington 1899b, p. 728 ).
Budgett's first expedition
While Harrington was returning to New York, Budgett, with financial support and backing from the Zoological Society, prepared for his 19 October 1898 departure from Liverpool for The Gambia. With him on the S. S. Dahomey he carried several drawings of Polypterus to show the native Gambians, drawings he had commissioned from Edmund Wilson of the Cambridge Scientific Company.
The Gambia consists of a sliver of land extending less than 10 km on either side of the Gambia River, which meanders 320 km inland. This narrow territory, established after a settlement with the French in August 1889 and bounded on each side by French territory, supported some 163,000 inhabitants, four-fifths of whom belonged to the Mandingo tribe. During the dry season (November to June), The Gambia was regarded as having the best climate on the British West African coast. The wet season was altogether different, with 130 cm of rain falling in 2 to 3 months. The territory was far from prosperous; most of the cattle had died in 1892 and 1893. There was no railway system, but travel was eased by a system of well-made roads (along which Budgett later traveled by bicycle) and the Gambia River, which is navigable to ocean-going vessels far inland.
Budgett's first expedition lasted 8 months. About a third of the time was spent at McCarthy's Island, the trading station on the upper Gambia River from which ocean steamers shipped peanuts to Europe. The first adult Polypterus (or sayo, as the Mandingo called it) brought to Budgett, on 15 November, was lethargic, ate two beetles floating on the surface of the aquarium, and slowly died (Shipley 1907, p. 16 )-an inauspicious start.
It proved almost impossible to catch Polypterus in the rivers. Budgett found that damming the outlets to the swamps-the method of fishing used by the natives-was the best way to capture young Polypterus. By June 1899, he had dissected many specimens, including females with ripe eggs in their ovaries. His first attempt (on 4 July) at artificial fertilization failed. Battling almost constant rain, heat, insects, and illness, Budgett waded through swamps and backwaters without sighting a single developing embryo. Although he was not well, his diary seldom mentions his health, apart from occasional brief comments:"Am a little bit seedy to-day. Not able to do much" (Shipley 1907) . Indeed, Budgett's diaries reveal few details of the arduous conditions under which he worked, even though he was confined to bed with fever by the end of July.
Meanwhile, determined to return to the Nile to obtain Polypterus embryos, Harrington, Hunt, and F. B. Sumner (also from Columbia University) had obtained permission to travel to a small village and military post on the northernmost tributary of the Nile, the Atbara River, which rises just below the fourth cataract some 650 km south of Khartoum. In July, while Budgett lay ill with fever and after spending only one night in the desert, the 29-year-old Harrington came down with what was described as Nile fever, which rapidly worsened and within days took his life.
In autumn 1899, Budgett arrived back in London with a live pair of Polypterus, which he exhibited to the Zoological Society on 28 November (Budgett 1899b (Budgett , 1900 . (Budgett's brother, Herbert, kept the two Polypterus alive and healthy for at least 3 years and even saw what he took to be courtship display [Budgett 1907 ].) He described how the pectoral fins are used in locomotion and how the bilobed air bladder functions as a lung, allowing adults to survive for up to a day in a damp terrestrial environment. He identified the breeding season as having three phases: migration to flooded swamps in June and July, spawning in the wet season of August and September, and return to the rivers in October and November.
Budgett had returned to England on the eve of the South African war. Though he was keen to volunteer for service in Africa, recurring attacks of malaria had sapped his strength and he had to content himself with service through the Mounted Infantry section of the Cambridge University Volunteers. He became the first commissioned officer of that unit in July 1901.
Budgett's second expedition
Budgett made a second trip to The Gambia in 1900, departing in June so as to arrive for what he now knew to be the breeding season, which unfortunately coincided with the rainy season. The term rainy season, which sounds so benign, is a euphemism for heat, virtually constant rain, and periodic flooding, that produces "rivers" 1800 m wide. Midafternoon temperatures of 40°C were common. That said, when Budgett arrived at McCarthy's Island he found the country as dry as a bone and in a disturbed state (two commissioners and their entire party, including nine policemen, were slaughtered 2 weeks later, their throats cut and their bodies burned).
The rains came, and Budgett spent 3 months searching for gravid female Polypterus. He obtained eggs and sperm and attempted artificial fertilization, without success. A single larval stage, obtained from nests discovered on this trip, formed the basis of a presentation to the zoology section of the British Association for the Advancement of Science on 17 September 1901 (Budgett 1901a (Budgett , 1901b (Budgett , 1902 . The 3-cm-long specimen possessed a continuous dorsal fin, an incompletely developed skull roof, and a single pair of enormous external gills with pinnate lamellae emerging from immediately behind the spiracle ( Figure 5 ). Budgett emphasized the crossopterygian features of Polypterus but also saw affinities to the sharks and rays in the pectoral fin, cranium, and visceral arches; to the Biology in History teleost fishes in the urinogenital organs; and to the amphibians in the bony skeleton. He concluded that crossopterygians were a central group of fishes but not ancestral to the amphibia; Harrington, on the other hand, had thought them ancestral to lungfish and amphibians.
Budgett's third expedition
In May 1901 Budgett was named assistant curator of the Cambridge zoology museum, where he spent 2 to 3 hours a day preparing beautiful anatomical specimens for the collection. On 2 March 1902, Budgett's election to the Balfour Studentship (established after the untimely death of Professor Francis Balfour in the Swiss Alps in 1882), coupled with funds from the Balfour trustees and a further grant from the Zoological Society, enabled him to return to Africa in what would prove to be another unsuccessful trip in pursuit of viable embryos.
The Rev. John Roscoe, a missionary in Uganda who was spending the winter in Cambridge, advised Budgett to look for Polypterus in Lake Albert, which lies northwest of Lake Victoria. Again Budgett left in June so that his arrival would coincide with the rainy season. This third trip was spent largely in East Africa, in Mombasa and near the headwaters of the Nile. His entourage consisted of some 40 porters, four askaris (East African soldiers or policemen), two headmen, and four boys, as well as a bicycle, which Budgett used to cycle ahead of the party to gain extra time to observe the exotic fauna and flora. Budgett traveled from Lake Albert to the Victoria Nile below Murchison Falls (now in Uganda), but progress was agonizingly slow. Although he found many spawning Polypterus, attempts at artificial fertilization again failed. In his own words, Here [Fashoda, now Kodok, in the Sudan] I made my final attack on the Polypterus problem. I had three species of Polypterus to work with, while material was fairly abundant. However, after several weeks' work, I finally packed up my things, and disconsolately returned to England [November, 1902] ; having got a good deal of side-light on the life and habits of Polypterus, having seen something of the Fauna and Flora of the most wonderful river in the world, but having again failed in my principal objective, namely, to obtain the early stages in the development of Polypterus. (Budgett 1903a, p. 9) The fourth and last expedition
The early part of 1903 was spent working up his collection of fishes in the Cambridge laboratory of Adam Sedgwick. Budgett delivered two papers to the Zoological Society on 20 January: One described the trip to Uganda and the other was on the spiracle of Polypterus, which he thought was used to inhale and exhale air from the lungs (Budgett 1903a (Budgett , 1903b . On learning that a Dr. Ansorge had brought back a young larval Polypterus from Assé, in the Niger River delta, Budgett determined to travel to Assé. Still supported on the Balfour Studentship, he contacted Frank Balfour's brother, Arthur, prime minister of Britain, in an endeavor to obtain free passage to Sierra Leone on a King's ship. The prime minister, one of the wealthiest men in England, instead defrayed the travel costs from his own pocket. Hoping that it would be easier to find embryos in Nigeria than in The Gambia or the Nile basin, Budgett set off in June. On 19 August he captured six larvae around 7 cm in length, all with large external gills. By 22 August he had his most promising information on spawning yet:
Meanwhile I talked to the guide; he knows the eggs of Polypterus; has seen them spawning at the beginning and end of the rise of Niger, always at west end of lagoon, attaching eggs to stick under water in great quantity. He says they are hatched in two or three days. I must wait until water begins to go down. Have offered him £2. 0s. 0d for eggs. In the evening had small Polypterus senegalus brought with huge gills. (Shipley 1907, p. 49) On 25 August Budgett tried artificial fertilization again. By the next morning the ova appeared to be cleaving but had decomposed. Most of the eggs were delayed, improperly fertilized, or cleaving irregularly. Late in the day, however, Bari fishermen brought him two more females, one of which had many ova lying free in its fluid-filled body cavity. Many of these ova were already cleaving, prompting Budgett to think that fertilization was internal, which it is not.
Finally, on 26 August, Budgett successfully fertilized eggs and saw and recorded for the first time the embryonic development of Polypterus senegalus. Two days later he dispatched a letter to Graham Kerr (Notes 1903, p. 516) , reporting that cleavage (segmentation, as it was then known) was "astoundingly frog-like," being complete (i.e., the whole egg divides) and equal (i.e., the egg cleaves into cells of almost equal size). The movement of the surface layers into the egg during gastrulation (involution of the future mesoderm) and development of the neural folds were also very froglike. Nature stressed the importance of his discovery:
The Crossopterygians have been for some time the most important vertebrate group awaiting the investigation of the embryologist, and the results gained by Mr. Budgett in the working out of his material in the laboratory will be looked forward to with the greatest interest by all vertebrate morphologists. (Notes 1903, p. 516) Working with a steady stream of eggs through September, Budgett obtained an almost-continuous series from the earliest cleavage stages to early larvae, which he carefully preserved in alcohol or formalin. The unremitting exposure to formalin produced sores on his hands that persisted for weeks after his return to England. A letter penned to a friend on 9 September sums up both his elation and the conditions: I successfully brought off the artificial fertilization of about a thousand eggs, and accomplished that which I have been trying to do for the past four years. The inter-est to me of the following week, day by day, and hour by hour, I fear you can hardly appreciate, as I saw confirmed my views as to this extraordinary fish's relations to other animals.... It rains almost continuously, everything is mildew and rust. We are surrounded with dense tropical forest, and move nowhere except by canoes. The natives' respect for my "ju-ju," in that I made fishes' eggs live, is very amusing.... I shall be really glad to turn my face homewards once more, the depression of this vapour-bath is almost unbearable, especially when Fortune closes her hand to me. (Shipley 1907, p. 51) The diary ends on the last day of September. His body racked by successive attacks of malaria, his hands not yet recovered from the prolonged exposure to formalin, disappointed that he had not been named resident superintendent of the Zoological Gardens, Budgett returned to England "bringing twenty little tubes that I would not part with for £20 a piece" (Shipley 1907, p. 51) .
After spending a few days with Arthur Shipley (lecturer in zoology) and Christmas with his mother in Clifton, Budgett returned to Cambridge to work on his specimens. The first symptoms of blackwater fever, which kills over 50% of those it infects, appeared on Saturday, 9 January, the evening that he finished his elaborate drawings of the external features of the embryos. J. Willis Clark, the university registrar, nursed Budgett until his family arrived, but his condition worsened. He died on Tuesday, 19 January, the very day he was to present his findings to the Zoological Society.
Although Budgett left some 200 eggs and embryos and detailed drawings, he left no manuscript, not even a single rough note. It was left to Kerr (1907a) to describe the embryos and larvae of Polypterus. Although there were gaps in the series and the details of fixation were incomplete, Kerr concluded that "the material as a whole has been found to be sufficient to give a pretty complete picture of the general course of development of a Crossopterygian and this has of course been a great desideratum to embryologists, though it is lamentable to think of the price that has been paid for it" (Kerr 1907a, p. 210) .
Polypterus today
In a report to the annual meeting of the British Association for the Advancement of Science in Leicester in 1907 and in subsequent publications, E. S. Goodrich amassed all the evidence that Polypterus is not a crossopterygian, placing it within the palaeoniscids, the most primitive of the ray-finned (actinopterygian) fishes (Goodrich 1908 (Goodrich , 1928 . This removed Polypterus from the ancestral line leading to amphibians. By 1946 Romer (1946 asserted that "it [Polypterus] has no affinity with crossopterygians.... Polypterus is a good Actinopterygian, and a primitive one" (p. 60). However, Romer related the following in his influential review of early fish evolution:
The weight of Huxley's [1861] opinion is a heavy one, and even today many a text continues to cite Polypterus as a crossopterygian and it is so described in many a classroom, although students of fish evolution have realized the falsity of this position for many years.... Polypterus...is not a crossopterygian, but an actinopterygian, and hence can tell us nothing about crossopterygian anatomy and embryology. (Romer 1946, pp. 60-61) Phylogenetic analyses using both morphological and molecular data affirm Polypterus as a living stem actinopterygian (Patterson 1982 , Noack et al. 1996 .
What of more recent studies of Polypterus embryos? MoyThomas (1939) and Pehrson (1958) both reexamined the youngest specimens collected by Budgett in their studies of the development of the skull and lateral line system. There are descriptions of some larval features of specimens collected by Gustav Svensson on the Swedish Gambia expedition of 1932 -1933 (Svensson 1933 , Pehrson 1947 , 1958 ; see also citations in Bartsch et al. 1997) . Although several species of Polypterus have been bred successfully in captivity, there have been only two subsequent descriptions of developmental series, those by Arnoult (1964) and a complete analysis of all embryonic and larval stages by Bartsch et al. (1997) and Wourms and Bartsch (1998) . (These developmental series enabled Piotrowski and Northcutt [1996] to fill a major gap left by Kerr with their study of the cranial nerves of Polypterus.) The impetus for obtaining developmental series has changed little from that which impelled Budgett:
The embryonic and larval development of the Polypteriformes, the presumed sister group of all other living actinopterygians, is poorly known.... The definitions of larval and juvenile stages given here may advance understanding of developmental processes in the ontogeny of these primitive actinopterygians, and may serve as a tool for comparison with the ontogeny of Tetrapoda and Dipnoi, as well as to that of some "primitive" groups of Actinopterygi. (Bartsch et al. 1997, p. 309) The study by Bartsch and colleagues (1997) confirmed the early embryonic stages drawn by Budgett and described by Kerr, although fertilization was shown to be external. Polypterus development is very rapid, much more rapid than lungfish development. Close similarities between the ontogeny of Polypterus and the ontogeny of urodele amphibians "and that of other 'primitive' groups of actinopterygians" were confirmed (Figure 2 ; Bartsch et al. 1997, p. 326) . In most other respects, however, the questions that prompted Budgett to go to such enormous lengths in pursuit of Polypterus embryos remain unanswered.
